Background and Purpose-Previous clinical studies have suggested that patients with carotid stenosis with high surgical risk features may fare better with carotid artery stenting or aggressive medical therapy. The extent to which carotid endarterectomy is still being performed in this group of patients is unclear. Methods-A retrospective audit was performed among 4 hospitals over a 2-year period. The proportion of high surgical risk patients was compared and the in-hospital stroke, myocardial infarction, and death rates were compared among conventional and high surgical risk patients. Results-Three hundred thirty-five carotid endarterectomy operations were performed (63% asymptomatic) with 37.9% being high surgical risk subjects. The stroke, myocardial infarction, and death rate was 4.6% in conventional risk subjects and 10.2% in high surgical risk patients (P<0.05). The only hospital with multidisciplinary carotid conferences had the lowest proportion of carotid endarterectomy operations in asymptomatic patients. Conclusions-A substantial proportion of carotid endarterectomy operations are performed in patients with high surgical risk features. These patients experienced a 2-fold increase in major in-hospital complications, raising doubts about whether they benefit from carotid surgery. 
C arotid endarterectomy (CEA) has been studied in several multicenter clinical trials and it has been demonstrated to be useful in stroke prevention for select patients with both symptomatic and asymptomatic stenosis. 1 Patients with high surgical risk (HSR) factors tend to have worse outcome after CEA. 2 Despite numerous guidelines, a substantial number of unproven or inappropriate CEAs are still being performed, especially in asymptomatic patients. 3 We sought to define regional variation among hospitals in performing CEA on patients with HSR factors.
Methods
A retrospective chart review was performed at 3 urban hospitals and one suburban hospital (A, B, C, D) for CEA performed during years 2008 to 2009. All the hospitals were located within a 30-mile radius. Two hospitals had teaching programs for neurology and general surgery (A, B). Data were collected for patient demographics, medical history, symptom status (symptomatic or asymptomatic), and presence of HSR features. The study was approved by the Institutional Review Board.
Symptomatic carotid stenosis was defined as having a stroke or transient ischemic attack ipsilateral to the carotid stenosis within 6 months. 1 Hypertension was defined as blood pressure >140/90 mm Hg or use of antihypertensive medication. Diabetes was defined as fasting glucose >126 mg/dL or use of oral hypoglycemics/insulin. Hypercholesterolemia was defined as fasting total cholesterol >200 mg/dL or use of statins.
Patients were divided into conventional or HSR status using factors chosen in the Stenting and Angioplasty with Protection in Patients at High Risk of Endarterectomy (SAPPHIRE) study. 4 We considered Hospital A as the reference hospital with which we compared the other 3 facilities. Hospital A was selected as the reference hospital because it was the only facility with a mechanism in place for multidisciplinary case conferences among neurologists, surgeons, and interventionalists ( online-only Data Supplementary Table I) .
We compared variation in practices of CEA for high-risk patients, asymptomatic patients, patients with age >80 years, and patients with age >75 years. Statistical analysis was done with binomial tests, and the z test statistics were used.
Stroke
November 2012 performed at Hospital A, 108 (32.3%). Mean age of the patients was 69.2±10.2 years. Of 335 patients, 137 (40.9%) were females. Of 335 patients, 124 (37%) patients were symptomatic, whereas 211 (63%) were asymptomatic. Other patient characteristics are found in Table 1 .
High-Risk Features
Patients with HSR features as per the SAPHHIRE criteria are shown in Table 2 . In aggregate, 127 (37.9%) patients had high-risk features (range, 32%-48% at the 4 hospitals). Age >80 years was the most common high-risk feature in 52 (15.5%) patients. Other notable high risk features were cardiac in 35 (10.5%) and previous radical neck surgery/neck radiation in 21 (6.3%) patients.
Variability Among the Hospitals
Compared with Hospital A, Hospital D had a significantly greater number of CEA patients with high-risk features (Z=2.48, significant). Hospitals B, C, and D had a lower number of CEA operations with symptomatic patients compared with Hospital A. This difference was significant for 2 of the hospitals with a difference for Hospital B (Z=−5.28) and D (Z=−4.84). Hospital C had a lower number of octogenarian patients undergoing CEA than Hospital A, which was statistically significant (Z=−1.73). Hospital D had a greater proportion of patients undergoing CEA in the >80-year age group, which was also statistically significant (Z=3.01). Using a cutoff age range ≥75 years, a statistically significant difference 
Complication Rates
The composite stroke, cardiac events, or death rate was 6.3% and stroke/death rate was 3.9%. The complication rate at teaching Hospitals A and B was 3.7% and 5.5%, respectively. The complication rate was lower at the 2 teaching hospitals (4.5%) compared with the nonteaching hospitals (8.8%; Z=2.41; P<0.05). The complication rate was 4.6% (10 of 218) among patients without HSR features and 10.2% (13 of 127) among high-risk patients (z score 2.86; P<0.05)
Discussion
A substantial proportion of CEA operations are done in patients with HSR features. Second, we found the complication rate to be higher in patients with HSR features. Third, the only hospital that had multidisciplinary case conferences performed a lower proportion of operations on asymptomatic patients.
In the aftermath of the SAPPHIRE study, there were several single-center surgical studies that claimed that CEA results were not different in conventional risk versus high-risk patients. 5, 6 However, larger studies such as an analysis of 13 622 CEA operations in the National Surgical Quality Improvement Program have found higher periprocedure complication rates in patients with SAPPHIRE high-risk features (3.0% mortality in high risk versus 1.7% without high risk, P<0.001).
2 Despite the availability of several high-volume carotid artery stenting centers within the geographic region in this study, we found that surgeons still preferred to perform CEA in this population.
Irrespective of their risk profile, most procedures (63%) were done in asymptomatic patients. Differences among the hospitals in the proportion of asymptomatic patients were statistically significant for 2 hospitals compared with the reference hospital. The reference hospital was the only one with multidisciplinary case conferences and it is likely that the neurologists tempered the enthusiasm for procedures in asymptomatic patients.
The value of CEA in asymptomatic patients with HSR features should be re-evaluated. Previous guidelines state that selection of asymptomatic patients for carotid revascularization should be guided by an "assessment of comorbid conditions, life expectancy, and other individual factors" (Class I, Level of Evidence: C). 1 Our study's limitations include its retrospective nature. Outcomes measures are limited to in-hospital outcomes only. In addition, patients were not routinely evaluated by neurologists postoperatively.
Conclusions
Over one third of CEA operations are performed in high surgical risk patients. This suggests that surgeons remain skeptical about the concept of high surgical risk features for CEA and the value of carotid artery stenting or optimal medical therapy as alternatives.
Disclosures
One of the authors (Dr Chaturvedi) is a consultant for Abbott Vascular and Thornhill Research.
